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(57) Abstract: A new type of diaphragm 
transducer comprising magnets to provide 
magnetic field strength in a planar region and 
a planar diaphragm located in the said planar 
region. The diaphragm has a plurality of 
conductors on its planar surface for inducing 
electro magnetic forces acting on these 
conductors in said planar region when current 
flows through said conductors. The magnets 
are arranged in magnetic interaction with a 
magnetically conducting material, preferably 
soft iron, to conduct magnetic field from said 
magnets to said planar region. 



APPLICATION DATA SHEET 4 MAR 2002 



Electronic Version 0.0.1 1 
Stylesheet Version: 1.0 
Publication Filing Type: 
Application Type: 
Title of Invention: 



Attorney Docket Number: 742111-133 



new-utility 
utility 

DIAPHRAGM TRANSDUCER 



Legal Representative: 

Attorney or Agent: 
Registration Number: 



David S. Safran 
27997 



Customer Number Correspondence Address: 



22204 

*22204* 



Continuity Data: 

This application is a 371 of international PCT/DKOO/00504 A1 2000-09-13 Published 



Foreign Priority: 

PA 1999 01294 



DK 



1999-09-14 



Priority Claimed 



Assignee (Publish): reen.audio aps 
Slotspladsen 2, 1 .sal 
Aalborg DK-9000 DK 



INVENTOR(s): 

Primary Citizenship: 
Given Name: 
Middle Name: 
Family Name: 
Residence City: 
Residence Country: 
Address: 



DENMARK 

Nils 

Peter 

REENBERG 

Svenstrup 

DK 

Godthabsvej 9 
Svenstrup , DK-9230 DK 



file://C:\Program%20Files\USPTO\ePAVE\TmpXML.xml 



3/14/02 



^ Copy for the Elected Office (EO/US) ^gj 

PATENT COOPERATION TREATY 



PCT/DKOO/00504 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 

(PCT Rule 92bis.1 and 
Marninistrative instructions, oection 4zz) 


To: 

PATRADE A/S 
Fredens Torv 3A 
DK-8000 Aarhus C 
DANEMARK 


Date of mailing (day/month/year) 
09 August 2001 (09.08.01) 


Applicant's or agent's file reference 
P9961PC00 


IMPORTANT NOTIFICATION 


International application No. 

PCT/DKOO/00504 


International filing date (day/month/year) 

13 September 2000 (13.09.00) 



1. The following indications appeared on record concerning: 
[ ] the applicant | | the inventor X the agent [ "~J the common representative 


Name and Address 

gATRADE A/S 
Aboulevajden 21 
DK-8000 Arhus C 
Denmark 


State of Nationality 


State of Residence 


Telephone No. 
45 7020 3770 


Facsimile No. 
45 7020 3771 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following 
j J the person j* ~j the name X the address | 


change has been recorded concerning: 

the nationality j J the residence 


Name and Address 

PATRADE A/S 
Fredens Torv 3A 
DK-8000 Aarhus C 
Denmark 


State of Nationality 


State of Residence 


Telephone No. 

+45 7020 3770 j 


Facsimile No. 

+45 7020 3771 


Teleprinter No. 


3. Further observations, if necessary: 


4. A copy of this notification has been sent to: 
| X| the receiving Office | | the designated Offices concerned 
| | the International Searching Authority | X | the elected Offices concerned 
| X | the International Preliminary Examining Authority [ J other: 



The International Bureau of WIPO 


Authorized officer 


34, chemin des Colombettes 


Beate Giffo-Schmitt 


1211 Geneva 20, Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/306 (March 1994) 004204292 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) Internationa] Publication Date 
22 March 2001 (22.03.2001) 




PCT 



in 

(10) International Publication Number 

WO 01/20949 Al 



(51) International Patent Classification 7 : 

9/00, 9/06 



H04R 7/00, 



(21) International Application Number: PCT/DKOQ/00504 

(22) International Filing Date: 

13 September 2000 (13.09.2000) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

PA 199901294 14 September 1999 (14.09.1999) DK 

(71) Applicant (for all designated States except US): 
REEN.AUDIO APS [DK/DK]; Godthabsvej 9, DK-9230 
Svenstrup (DK). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): REENBERG, Nils, 
Peter [DK/DK]; Godthabsvej 9, DK-9230 Svenstrup (DK). 

(74) Agent: PATRADE A/S; Aboulevarden 21. DK-8000 
Arhus C (DK). 



(81) Designated States (national): AE, AG, AL, AM, AT, AT 
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 

CH, CN, CR, CU, CZ, CZ (utility model), DE, DE (utility 
model), DK, DK (utility model), DM, DZ, EE, EE (utility 
model), ES, FT, H (utility model), GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KR (utility 
model), KZ, LC, LK. LR, LS, LT, LU, LV, MA, MD, MG, 
MK, MN, MW, MX, MZ, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG. SI, SK, SK (utility model), SL, TJ. TM, TR, TT, 
TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 

CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: DIAPHRAGM TRANSDUCER 



= Ago 



< 

rr 

On 
O 

O 




Mo 6 



(57) Abstract: A new type of diaphragm 
transducer comprising magnets to provide 
magnetic field strength in a planar region and 
a planar diaphragm located in the said planar 
region. The diaphragm has a plurality of 
conductors on its planar surface for inducing 
electromagnetic forces acting on these 
conductors in said planar region when current 
flows through said conductors. The magnets 
arc arranged in magnetic interaction with a 
magnetically conducting material, preferably 
soft iron, to conduct magnetic field from said 
magnets to said planar region. 
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Diaphragm transducer 



The present invention relates to a diaphragm transducer as described in the preamble 
of claim I . 

5 

As loudspeakers, mainly two types are common. The one type comprises an annular 
coil disposed in a transverse magnetic field, where the coil is connected to a dia- 
phragm, usually conical in shape. Current flowing through the coil results in a force 
moving the diaphragm. The second type comprises a planar diaphragm, where conduc- 
10 tors are positions on the planar surface. A magnetic assembly behind or at the sides of 
the membrane result in displacement of the membrane, when current flows through 
the conductors. 

It is well known, that the second type of loudspeaker is more expensive to manufac- 
15 ture as compared to the first type and the efficiency is lower. However, the quality of 
the emitted sound is much better in the second type, as it does not suffer from distor- 
tions of the membrane to the same extend as the first type. 



An example of a loudspeaker with a planar diaphragm transducer is described in US 
20 patent no. 5,195,143. With reference to a drawing in that reference, which is repro- 
duced in FIG. la, a woofer diaphragm 100 is located in front of an assembly of mag- 
nets 102 where magnetic field lines 104 propagate between corresponding north poles, 
N, and south poles, S. In order to produce proper sound, the diaphragm 100 has to 
move transversely to the plane of the diaphragm, which requires magnetic field lines 
25 104 which are parallel to the plane and normal to the conductors on the diaphragm. 
However, as can be seen from FIG. la, a large portion of indicated field lines 104, are 
normal and not parallel to the diaphragm 100, resulting in low efficiency of the loud- 
speaker and distortion at higher currents. 

30 Meanwhile, further study of the problem has shown, that the magnetic field lines 104', 
actually, do not propagate as shown on FIG. la, but rather propagate as shown in FIG. 
lb, which explain the low efficiency of this type of loudspeaker, as the majority of 
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magnetic field line propagate transversely to the diaphragm plane, which is inappro- 
priate. 

As shown in FIG. 2a, according to prior art, it is possible to arrange magnets 102 such 
5 that the magnetic field lines are more parallel to the diaphragm 100, for example by 
placing the diaphragm 100 between a north and a south poles, where the diaphragm is 
normal to the surface of the poles. This arrangement, however, is only suitable for 
small diaphragms because of the required narrow space between the poles. Therefore, 
it is only used for loudspeakers in the high frequency regime and not for woofers. It is 
10 generally assumed for this arrangement, as shown in FIG. 2a, that the field lines 104 
propagate from the left north pole of the arrangement to the right south pole. 

However, study of this arrangement has shown that the field lines propagate as indi- 
cated in FIG. 2b, which illustrates the insufficiency of this arrangement The field is 
15 very weak at the centre of the arrangement, and placing the diaphragm off-centre as 
shown in FIG. 2b results in field lines not parallel with the diaphragm. 

A number of attempts have been undertaken to improve this type of loudspeakers, 
where the main effort has been put into the shaping of the magnetic field in the region 
20 in which the diaphragm is moved. However, no suitable solution has yet been found, 
notwithstanding the fact that this principle for loudspeakers has been existing for a 
long time. 

It is an object of the invention to provide a diaphragm transducer of the above men- 
25 tioned second type with a higher efficiency than known systems. It is a further object 
of the invention to provide a transducer with higher efficiency which is also cheap and 
easy to manufacture. 

This object is achieved with a diaphragm transducer as mentioned by way of intro- 
30 duction which is characterised as described in the characterising part of claim 1 . 




WO 01/20949 PCT/DK00/00504 

3 

Though ferromagnetic material as soft iron is used in the above mentioned first type of 
loudspeaker with an annular coil, this solution has never been envisaged in connection 
with loudspeakers of the second type. It is a very simple solution because the shaping 
of a magnetic field is much easier with ferromagnetic material than with magnets. 
5 Magnetic field lines are changed with respect to their direction when traversing soft 
iron because the magnetic reluctance in soft iron is much lower than in air. 



In the following, soft iron will be used as a synonym for a magnetically conducting 
material. However, the magnetically conducting material can also be other material 
10 than soft iron with analogue properties and not being a permanent magnet. Possible 
other materials are iron-silicon, Permalloy, or iron-oxides. 

According to further study of the invention, it has turned out, that it is possible to 
achieve an approximately constant magnetic field in the planar region where the dia- 
15 phragm is located. 

Shaping of the magnetic field can be achieved by applying plates of soft iron between 
which permanent magnets are located. One edge of each of said plates constitutes a 
magnetic pole in said configuration. For example, an arrangement can comprise three 
20 poles, two outer poles of equal polarity and one inner pole of opposite polarity. 

The intensity of the magnetic field depends on the field strength of the magnets that 
are placed between the soft iron plates. But as the conduction of the magnetic field 
lines from the magnets, through the soft iron plates, and to the diaphragm is efficient, 

25 the invention opens the possibility to achieve high field strengths in the planar region 
even with relatively weak and cheap magnets. That has as a consequence, that this 
type of loudspeaker can be produced much cheaper than hitherto and for a price that 
can compete with the price for loudspeakers with annualar coils. Therefore, a large 
number of people, that could not afford this type of loudspeaker before, will be able to 

30 enjoy a clearer and more differentiated sound of music in their homes. 
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Surprisingly, it has turned out, as intense studies have shown, that it is a great advan- 
tage, if the inner poles located between the outer poles are arranged in pairs with a 
distance between the two plates constituting said pair. As compared with single inner 
poles, the magnetic field in the plane in front of the double poles is much more con- 
5 stant in strength and direction. 



Because of the magnetic field in the planar region can be shaped to be approximately 
constant, the conductors on the diaphragm can easily be oriented and connected such 
that, when current flows through those conductors, the electromagnetic forces acting 
10 on the conductors in the planar region are approximately in the same direction normal 
to the plane of the diaphragm. This is the ideal case, but as the introductory discussion 
showed, that this has by far not been achieved in systems according to prior art. 

Even higher field strengths can be achieved when the field is allowed to vary with a 
15 small amount. Small field strength variations can be adjusted for by placing the con- 
ductors on the diaphragm with varying mutual distances and directions. 

To achieve a better performance of a transducer according to the invention, the dia- 
phragm in a transducer may have a ferromagnetic magetisable layer. The layer can be 
20 part of the diaphragm material or be applied as a coating. 

According to prior art, ferromagnetic magnetisable material as ferric oxide, Permalloy 
or soft iron has been used on annular coils in loudspeakers of the first type, for exam- 
ple in UK patent application GB 2,137,047 or in European patent application EP 587 
25 910. The effect in these papers was damping and increasing the efficiency. For the 
above mentioned second type of loudspeaker, it has not been recognised that an im- 
provement can be achieved. 

However, as with the soft iron plates, a magnetically conducting layer in or on the 
30 diaphragm, for example a coating with soft iron, conducts the field lines along the 
diaphragm. The result is an increased number of field lines parallel with the dia- 
phragm enhancing the efficiency of the transducer. 
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A soft iron coating on the diaphragm should be very thin and does, therefore, not 
conflict with the aim that the transducer diaphragm should have a very low mass. 
Once accelerated because of the current through the conductor in the magnetic field, a 

5 diaphragm with a higher mass will be harder to stop than a diaphragm with a lower 
mass. This might result in an overshooting of the diaphragm at peak currents with a 
result of sound distortions. A damping of the diaphragm may be achieved with the 
ferromagnetic material on the diaphragm. As the diaphragm moves in the magnetic 
field, the magnetic field changes causing a different magnetisation of the coating. The 

10 change in the magnetisation has the effect of damping the motion of the membrane, 
especially at large excursions. The damping ability is dependant on the magnetic hys- 
teresis of the ferromagnetic material. Soft iron has a very low hysteresis, while Per- 
malloy has a larger hysteresis. Which material is the best depends on the actual con- 
struction of the diaphragm transducer, especially, whether it is designed to work at 

15 higher or lower frequencies. As a rule of thumb, it should be mentioned here, how- 
ever, that the lower the working frequency of the transducer, the higher a damping is 
needed. 

The invention will be described further with reference to the drawing where 
20 FIG. I illustrates the principle of a planar transducer according to prior art, 

FIG. 2 illustrates the principle of a different transducer according to prior ait, 
FIG. 3 illustrates the principle of diaphragm transducer according to the invention, 
FIG. 4 is a schematic view diaphragm transducer according to the invention. 

25 FIG. 3 shows a diaphragm transducer according to the invention. Two magnets 102 
with corresponding north poles, N, and south poles, S, are arranged in magnetic inter- 
action with plates of soft iron 106. Each magnet 102 can consist itself of a number of 
smaller magnets acting in combination. The shown arrangement comprises three 
magnetic poles, two outer poles 106 and 106' of equal polarity, N, and an inner pole 

30 107 of opposite polarity, S. 
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The construction as shown in FIG. 3 has a number of advantages. First, magnets are 
arranged behind the diaphragm and not beside the diaphragm. Therefore be built in a 
more narrow and more aesthetic design than hitherto. The necessary mass of the mag- 
nets 102 is stored behind the diaphragm 100. Second, to achieve a high field strength, 

5 relatively large magnets 102 or many magnets in combination can be used, thus, it is 
possible to achieve high field strengths even with magnets 102 that are low in produc- 
tion cost, which results in a low production cost of the transducer itself. Third, shaping 
of the field in the planar region of the diaphragm is relatively easy. To shape the field 
at the diaphragm, only the plates 106, 106', 107 have to be shaped, which is far more 

10 easy than shaping eventually brittle magnets 102. Fourth, assembly of the magnetic 
arrangement is easy and quick once the plates 106, 106', 107 are shaped. 

FIG 4a. shows the transducer according to the invention in an exploded view. The 
diaphragm 100 is equipped with conductors 108 that are mutually connected, for ex- 
15 ample in a spiral arrangement as indicated on the figure. Current is applied to the con- 
ductors by appropriate connectors 1 10. The diaphragm is supported by a frame 1 14 of 
damping material, for example foam polymer. The structural support frame 116 of a 
rigid material secures a proper positioning of the magnets 102 and soft iron plates 106, 
106% 107 with respect to the diaphragm 100. 

20 

A drawing of the assembly is shown in FIG. 4b through 4e, where FIG. 4b is a front 
view, FIG. 4c is a side view, FIG. 4d is a back view, and FIG. 4e is a view along the 
cut A-A as indicated on FIG. 4b. It can be seen, that only the longitudinal parallel 
conductors 108 are within the planar region 118 where the magnetic field has a high 
25 strength. 

An alternative construction for a transducer according to the invention is achieved by 
fixing the diaphragm only at its end 112, 112', whereby the polymer support 1 14 can 
be omitted. 



As described before, and illustrated in FIG. 5a, it has turned out that it is a great ad- 
vantage, if the inner pole located between the outer poles is arranged in pairs 107,107' 
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with a distance 108 between the two plates 107, 107' constituting that pair. As com- 
pared with single inner poles, the magnetic field in the plane in front of the double 
poles 107, 107' is much more constant in strength and direction, which has been con- 
firmed by experiment, but has not yet been completely understood. 

The magnetic field 104 lines are in reality much more parallel with the diaphragm 100 
than those drawn on figure 5a, as the field lines on the figure only serve for illustra- 
tion. 

In analogy to the arrangement in FIG. 5a, another arrangement with a plurality of pairs 
of poles is shown in FIG. 5b. 

The diaphragm is equipped with a number of conductors 108. In front of the inner 
poles 107, 107*, the conductor 108, 108' have approximately the same distance as the 
plates 107, 107*. For a high frequency loudspeaker, this distance is between 0.1 and 3 
mm, preferably between 0.3 and 1.5 mm and mostly preferred between 0.4 and 0.6 
mm. 
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CLAIMS 



1 . Diaphragm transducer comprising 

- magnets to provide magnetic field strength in a planar region, 

- a planar diaphragm located in said planar region, said diaphragm having a plurality 
of conductors on its planar surface for inducing electromagnetic forces acting on the- 
ses conductors in said planar region when current flows through said conductors, 
-characterised in that 

- said magnets are arranged in magnetic interaction with a magnetically conducting 
material, where the magnetically conducting material is not a permanent magnet, to 
conduct magnetic field from said magnets to said planar region. 

2. Diaphragm transducer according to claim 1, characterised in that said mag- 
netically conducting material is soft iron 

3. Diaphragm transducer according to claim 1 or 2, characterised in that said 
magnetic field in said planar region is approximately constant. 

4. Diaphragm transducer according to claim 1-3, characterised in that said 
magnetically conducting material is configured as plates, between which permanent 
magnets are located, where one edge of each of said plates constitutes a magnetic pole 
in said configuration. 

5. Diaphragm transducer according to claim 4, characterised in that the num- 
ber of poles are at least three with two outer poles and at least one inner pole. 

6. Diaphragm transducer according to claim 5, characterised in that said num- 
ber of inner poles located between the outer poles is at least two, where said inner 
poles are arranged in pairs of poles with a distance between the two plates constituting 
said pair. 
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7. Diaphragm transducer according to claim 6, characterised in that said dis- 
tance between the two plates constituting a pair of poles, is between 0. 1 and 3 mm, 
preferably between 0.3 and 1 .5 mm and preferably between 0.4 and 0.6 mm. 

8. Diaphragm transducer according to claim 1-7, characterised in that said 
conductors are oriented and connected such that, when current flows through said 
conductors, said electromagnetic forces acting on said conductors in said planar region 
are approximately in the same direction. 

9. Diaphragm transducer to claim 1 -8, characterised in that said diaphragm 
comprises a magnetically conducting layer. 



WO 01/20949 PCTYDK00/00504 



1/6 




prior art 



FIC . /ft 



WO 01/20949 PCT/DKOO/00504 



2/6 



r-a. 



1=^ 



5 .V 



S /v 



Prior art. 
FIG. 2a 



WO 01/20949 



PCT/DKOO/00504 



3/6 




FIG. 3 



WO 01/20949 



PCT/DKOO/00504 




WO 01/20949 



PCT/DK00/00504 




WO 01/20949 



PCT/DK00/00504 



6/6 




hi S 



FIG • S"a 



A/ 5 



Mo 6 





sZ 



-1 I — 11 — I I — I 

II I II I II 

i i i ii » ! ! 

i i 1 n r ii 

ii i ii i ii 

! w s\ || \» s| | 

|| I II I II 

|| I II I II 

II I II I II 

I I L,-H 



Pic . Srt 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/DK 00/00504 



A. CLASSIFICATION Of SUBJIXT MATI I K 
IPC7: H04R 7/00, H04R 9/00 , H04R 9/06 

according Hi International Patent Classification (IPC) or t» h»th national clnssiriciiu 



on and IPC 



R. HI-LUX SHARCIU'U 



Minimum docu mentation searched (classification system followed by tliwsifiealion symbols) 

IPC7: H04R 



Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 

SE,DK,FI,N0 classes as above 



l-lcclionic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDIiRIIDTO Mi KliLKVAhfl" 



Category* 



Citation of document, with indication, where appropriate, of Hie relcvanl passages 



US 4491698 A (LARSON ET AL.), 1 January 1985 
(01.01.85), page 6, line 13 - line 25 



US 4354066 A (NECOECHEA) , 12 October 1982 

(12.10.82), page 5, line 26 - line 28; page 5, 
line 18 - line 24 



US 5297214 A (BRUNEY) , 22 March 1994 (22.03.94), 
page 6, line 10 - line 14 



US 5627903 A (PORRAZZO), 6 May 1997 (06.05.97) 



Retevaitl to claim No. 



1,3-5,8 



2,6,9 



2,6 



1-9 



"ft] Further documents arc listed in the continuation of Hox C. Q(] See patent family annex. 



Special categories ol cited documents: 
A" document defining the general slate of the art which is not considered 

to he <»f particular relevance 
"ir earlier application or patent hut puhjished cm or alter the inlcrnati final 
filing dale 

"\. m document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O* document referring to an oral disci osure, use, exhibition or other 
means 

•P w document published prior to the international filing date hut later than 
the priority date claimed 



T" later document published alter the international filing dale or priority 
dale and not in conflict with Ihc application hut cited to understand 
the principle <«r Uicw-y underlying the invention 

"X" document of particular relevance: the claimed invention cannot he 
considered novel or cannot he con.iidcred to involve an inventive 
step when the document is taken alone 

" V" document or particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
comhincd with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Dale of ttie actual completion of the international search 



Date of i nailing of the international search report 



2 0 -12- 2000 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Authorised ollieer 

Mariana Eddin/OGU 

Telephone No. + 46 8 782 25 UO 



Form PCI'/lSA/atO (second sheet) (July IWft) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/DK 00/00504 



C (Conlir.ualioit). DOCUMENTS CONStlM|KH»TO HI- KI'I.IA ANI 



Category* Citation of document, with indication, where appropriate, of the relevant passages 



Relevant u> claim No. 



WO 9820705 Al (CERWIN VEGA, INC.), 14 May 1998 
(14.05.98) 



1-9 



INTERNATIONAL SKARCII RKPORT 

Information on patent family members 



04/12/00 



International application No. 

PCT/DK 00/00504 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member (s) 


date 


US 4491698 


A 


01/01/85 


AT 


36924 T 


15/09/88 








AU 


563312 B 


02/07/87 








AU 


1777783 A 


16/01/84 








BR 


8307405 A 


17/07/84 








LA 




9i /i n/Qc 








DE 


3377888 D 


00/00/00 








EP 


0112383 A,B 


04/07/84 








cc 
ob 












bP 


f\0C? A OA A 


AG /n/i /QQ 








US 


A~I(\1C in A 


97 /I ft /Q7 








wo 




ftC /ftl /QA 


US 4354066 


A 


12/10/82 


EP 


nnnoonc A 
009ooyb A 




US 5297214 


A 


22/03/94 


US 


4939784 A 


03/07/90 








us 


C 1 A Q A QQ A 


i c; /no /Q9 
13/ uy/y<£ 


US 5627903 


A 


06/05/97 


AU 


i o *i *3 o no A 

1213299 A 










All 

AU 


7QOlnQA A 

/y<L/Urr* A 


ftl /nc/cm 








CA 


2173580 A 


13/04/95 








EP 


0748576 A 


18/12/96 








JP 


9504921 T 


13/05/97 








US 


6137891 A 


24/10/00 








WO 


9510166 A 


13/04/95 


WO 9820705 


Al 14/05/98 


AU 


5247398 A 


29/05/98 








AU 


5252898 A 


29/05/98 








US 


6111970 A 


29/08/00 








WO 


9820703 A 


14/05/98 



Form FCr/lSA/210 (patent family annex) (July 1998) 



PATENT COOPERATION TREATY 

PCT 



recd 1 9 DEC 2001 



i3.-"> 



PCT 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
P9961 PCOO 



FOR FURTHER ACTION 



See Notification of Transmittal of International 
Preliminary Examination Report (Form PCT/I PEA/41 6) 



International application No. 
PCT/DK00/00504 



International filing date (day/month/year) 
13/09/2000 



Priority date (day/month/year) 
14/09/1999 



International Patent Classification (IPC) or national classification and IPC 
H04R7/00 



Applicant 

REEN.AUDIO APS et aL 



1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 7 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 8 sheets. 



3. This report contains indications relating to the following items: 
I S Basis of the report 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 



II 


□ 


III 


□ 


IV 


□ 


V 


El 


VI 


□ 


VII 




VIII 





Date of submission of the demand 
29/03/2001 



Date of completion of this report 
17.12.2001 



Name and mailing address of the international 
preliminary examining authority: 

— European Patent Office 
D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Authorized officer 
Aquilani, D 

Telephone No. +49 89 2399 7981 




Form PCT/IPEA/409 (cover sheet) (January 1994) 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7))\ 
Description, pages: 



1,4-6 as published 

3 as received on 29/03/2001 with letter of 26/03/2001 

2,2a,7 as received on 1 5/09/2001 with letter of 1 3/09/2001 

Claims, No.: 

1-10 as received on 1 5/09/2001 with letter of 1 3/09/2001 

Drawings, sheets: 

1/6-5/6 as published 

6/6 as received on 08/10/2001 with letter of 08/10/2001 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
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listing has been furnished. 
4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V, Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-10 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-10 

Industrial applicability (IA) Yes: Claims 1-10 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents cited in the search report: 



2. The document D1 is regarded as being the closest prior art to the subject-matter of 
claim 1 , and insofar as this claim can be understood (see Section VIII), this document 
shows the following features thereof (using the wording of claim 1 , the references in 
parentheses applying to D1 document): 

a diaphragm transducer comprising: 



a planar diaphragm (40), 

magnets (38) to provide magnetic field strength through said planar diaphragm, 



said magnets are in magnetic interaction with a magnetically conducting 
material (36), 

said magnets are arranged to face one side of said planar diaphragm (fig. 1) 
said diaphragm (40) have a plurality of conductors (46, 48) on its planar surface 
for inducing electromagnetic force acting on said conductors (46, 48) when 
current flows through said conductors, 

said conductors (46, 48) on said diaphragm (40) are arranged in a pattern in 
relation to said magnetic field strength through said diaphragm (40), said 
relation being such that said electromagnetic force acting on said conductors 
(46, 48) is directed substantially normal to said surface of said planar 
diaphragm (see col. 7, lines 5-11: the interaction between the current flowing 
in the conductors and the magnetic field generates a force which causes the 
diaphragm substantially to move along the excursion direction. Such "excursion 
direction" is normal to the planar surface of the diaphragm, as outlined in col. 
7, lines 24-28 ). 



D1 
D2 

D3; 
D4; 



US 5297214 
US 4354066 
US 4491698 
US 5627903 



wherein: 
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3. The subject-matter of claim 1 therefore differs from this known D1 in that: 

3.1 the magnetically conducting material conducts the magnetic field from said magnets 
to said planar region 

3.2 the magnetically conducting material is not a permanent magnet 

4. Due to the distinguishing feature 3.1 with respect to the closest prior art, the subject- 
matter of claim 1 achieves that the magnetic field lines orientation is closer to the 
ideal case, which would require the magnetic field lines being parallel to the 
diaphragm plane and normal to the conductors on the diaphragm (see Application's 
description, pag.1, lines 24-25). 

5. Therefore, the technical problem solved by the subject-matter of the claim may be 
regarded as how to conveniently orientate the lines of a magnetic field generated by 
permanent magnets. 

6. However it is matter of standard design practice to use magnetically conducting 
material to orientate and extend the magnetic field lines (D1 rigid sheet 36; D2, fig. 
10, poles 29 and 27 or D3, fig. 2, poles 44 and 46 are examples of such an 
arrangement). 

7. The skilled person, having to solve the cited technical problem, would therefore apply 
his own common knowledge and arrive to the solution disclosed by claim 1 without 
the exercise of an inventive step (Art. 33(3) PCT). 

8. The use of not permanent magnet (distinguishing feature 3.2) is just a mere design 
option. 

9. As far as the application can be at the present understood, dependent claims 2-6 do 
not appear to contain any additional features which, in combination with the features 
of any claim to which they refer, meet the requirements of the PCT with respect 
inventive step, the reasons being as follows: 

9.1 The additional steps/features of claims 2 are known from D1 (col. 6, lines 10-38). 
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9.2 The additional steps/features of claims 3 appear to be a mere design option. 

9.3 D3 anticipates the additional steps/features of claims 3-6 (fig. 1 ; in particular, the 
"distance" mentioned in claim 6 can be individuated in the gaps between the 
elongated steel poles 44, 46 not containing the projections P). 

9.4 The additional steps/features of claims 7 appear to be a mere design option. 

9.5 The additional steps/features of claims 8, 10 appear to be a mere design option (the 
use of soft iron or Permalloy as magnetic conducting material is well known in the art, 
see, for example, description pag. 4, lines 21-27). 

9.6 The additional steps/features of claims 9 appear to be known from D4 (col.9, lines 
29-35). 

10. Therefore a person skilled in the art would provide these features/steps with 
corresponding effect to a method/apparatus as known from document D1 without the 
exercise of inventive skills. 

Re Item VII 

Certain defects in the international application 

11. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D4 is not mentioned in the description, nor are these 
documents identified therein. 

Re Item VIII 

Certain observations on the international application 

12. It is clear from the description on pages 1 , lines 23-25 that the following feature is 
essential to the definition of the invention: 

(1) the magnetic field lines have to comprise a component parallel to the diaphragm 
plane. 

As a matter of fact, if field lines were normal to said plane, there would be no possible 
arrangement (pattern) for the conductors 108 to produce an electromagnetic force 
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substantially normal to said surface, as it is claimed. 

Since independent claim 1 does not contain this feature it does not meet the 
requirement following from Article 6 PCT taken in combination with Rule 6.3(b) PCT 
that any independent claim must contain all the technical features essential to the 
definition of the invention. 

13. The embodiment of the invention shown in figures 3, 4a-e, 5a-b do not fall within the 
scope of the claim 1 since the magnets 1 02 are not arranged on one side of the 
planar diaphragm (100), but their are located on a different structure, facing one side 
of the planar diaphragm. This inconsistency between the claim and the description 
leads to doubt concerning the matter for which protection is sought, thereby 
rendering the claim 1 unclear (Article 6 PCT). 

14. The embodiment of the invention described on pag. 5, line 25 - pag. 6, line 1 1 and 
shown in figures 3, 4a-e, 5a-b do not fall within the scope of the claim 10 since the 
plates 106, 106', 107, 107' are not part of the magnetically conducting layer which is 
comprised in the planar diaphragm as claimed in claim 9. This inconsistency between 
the claim and the description leads to doubt concerning the matter for which 
protection is sought, thereby rendering the claim 10 unclear (Article 6 PCT). 
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magnetic field line propagate transversely to the diaphragm plane, which is inappro- 
priate. 

As shown in FIG. 2a, according to prior art, it is possible to arrange magnets 102 such 
5 that the magnetic field lines are more parallel to the diaphragm 100, for example by 
placing the diaphragm 100 between a north and a south poles, where the diaphragm is 
normal to the surface of the poles. This arrangement, however, is only suitable for 
small diaphragms because of the required narrow space between the poles. Therefore, 
it is only used for loudspeakers in the high frequency regime and not for woofers. It is 
10 generally assumed for this arrangement, as shown in FIG. 2a, that the field lines 104 
propagate from the left north pole of the arrangement to the right south pole. 



However, study of this arrangement has shown that the field lines propagate as indi- 
cated in FIG. 2b, which illustrates the insufficiency of this arrangement The field is 
15 very weak at the centre of the arrangement, and placing the diaph ragm off-centre as 
shown in FIG. 2b results in field lines not parallel with the diaphragm. 

A number of attempts have been undertaken to improve this type of loudspeakers, 
where the main effort has been put into the shaping of the magnetic field in the region 
20 in which the diaphragm is moved. In US patent no. 4 491 698, a diaphragm transducer 
is disclosed having a planar diaphragm with vanes extending perpendicular from the 
diaphragm and into a magnetic arrangement behind the diaphragm. However, no suit- 
able solution has yet been found, notwithstanding the fact that this principle for loud- 
speakers has been existing for a long time. 

25 

In US natent no. 4 354 066. a non -planar, rigid-diaphragm tran sducer is disclosed 
whith a coil for interaction with a mag netic field, where the coil support is outside the 
diaphragm. In US patent 5 297 214 a lou dspeaker is disclosed with a planar diap hragm 
having thin conductors thereon. The magnetic field is provided bv an arrangement of 
30 permane nt magnets on one side of the diaphragm. 



AMENDED SHEET 



15-09-2001 



DK00005CK 



2 a Correction sheet from J £.09. 2 001 J 

It is an object of the invention to provide a diaphragm transducer of the above men- 
tioned second type with a higher efficiency than known systems. It is a further object 
5 of the invention to provide a transducer with higher efficiency which is also cheap and 
easy to manufacture. 

This object is achieved with a diaphragm transducer as mentioned by way of intro- 
duction which is characterised as described in the characterising part of claim 1. J 
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Using ferromagnetic material as soft iron in connection with loudspeakers of the sec- 
ond type is a very simple solution because the shaping of a magnetic field is much 
easier with ferromagnetic material than with magnets. Magnetic field lines are 
changed with respect to their direction when traversing soft iron because the magnetic 
reluctance in soft iron is much lower than in air. 



10 



In the following, soft iron will be used as a synonym for a magnetically conducting 
material. However, the magnetically conducting material can also be other material 
than soft iron with analogue properties and not being a permanent magnet. Possible 
other materials are iron-silicon, Permalloy, or iron-oxides. 



According to further study of the invention, it has turned out, that it is possible to 
achieve an approximately constant magnetic field in the planar region where the dia- 
15 phragm is located. 

Shaping of the magnetic field can be achieved by applying plates of soft iron between 
which permanent magnets are located. One edge of each of said plates constitutes a 
magnetic pole in said configuration. For example, an arrangement can comprise three 
20 poles, two outer poles of equal polarity and one inner pole of opposite polarity. 

The intensity of the magnetic field depends on the field strength of the magnets that 
are placed between the soft iron plates. But as the conduction of the magnetic field 
lines from the magnets, through the soft iron plates, and to the diaphragm is efficient, 

25 the invention opens the possibility to achieve high field strengths in the planar region 
even with relatively weak and cheap magnets. That has as a consequence, that this 
type of loudspeaker can be produced much cheaper than hitherto and for a price that 
can compete with the price for loudspeakers with annualar coils. Therefore, a large 
number of people, that could not afford this type of loudspeaker before, will be able to 

30 enjoy a clearer and more differentiated sound of music in their homes. 
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with a distance 1035 between the two plates 107, 107' constituting that pair: As com- 
pared with single inner poles, the magnetic field in the plane in front of the double 
poles 107, 107' is much more constant in strength and direction, which has been con- 
firmed by experiment, but has not yet been completely understood. 

The magnetic field 104 lines are in reality much more parallel with the diaphragm 100 
than those drawn on figure 5a, as the field lines on the figure only serve for illustra- 
tion. 

In analogy to the arrangement in FIG. 5a, another arrangement with a plurality of pairs 
of poles is shown in FIG. 5b. 



The diaphragm is equipped with a number of conductors 108. In front of the inner 
| poles 107, 107*, fee conductor 108, 108' have approximately the same distance 103 as 
15 the plates 107, 107'- For a high frequency loudspeaker, this distance is between 0.1 
and 3 mm, preferably between 0.3 and 1 .5 mm and mostly preferred between 0.4 and 
0.6 mm. 
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CLAIMS 

1. Diaphragm transducer comprising 

- a planar diaphrag m (100\ 

- magnets (102) arranged to provide magnetic field (104) strength through said *r-z 
planar fegje gdiaohragm ( 1 001. 

- said magnets (102) bei ng in magnetic interaction with a magnetically conducting 
material (106. 106\ 107. 107*1 

- said magnets (102) being arranged on one side of said diaphragm 0001. 

said magneto are arranged behind said planar diaphragm in magnetic interaction with 
a magnetically conducting material, whoro tho magnetically conducting material io not 
flr-pe man e nt magnGt 7 tn crmrinrf -mngnntirr finTrT fVnm nr^rj magaets to paid planar rc 
gieBn said diaphragm (1001 having a plurality of conductors (108) on its p lanar ggr- 
face for inducing electroma gnetic force acting on said conductors (108) when current 
flows through said conductors O081, 
characterised infeat 

- that said magnets (102) are i n magnetic interaction with a magnetically conducti ng j 
material Q06. 106'. 10 7, 107*1 to conduct magnetic field O04) stren gth from said 
magnets O021 to said diaphragm O001, 

- that said magnetically conducting material O06. 106'. 107, 1Q7'1 is not a permanent 
magnet and-said planar dinphrnnrn Wmwi in nnirt piotim- ^egieH and parall e l Tvith paid 
planar region, oaid diaphragm having a plurality of conductors on ito planar ouriheo for 
inducing el e ctromagnetic forces acting on theses conductors in paid planar r e gion 
wh e n current flows through oaid conductors 

-that* 

said conductors O081 on said dia phragm O001 are arranged in a pattern in relation to 
said magnetc field O041 strength through said d iaphragm (10Q) 1 said Nation being 
such that said electromagnetic force acting on said conductors (IPX) i s directed sub- 
stantially normal to sai d surface of said planar diaphragm (100Y j 
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2. Diaphra gm trans ducer according to claim I characterised in that said con- 
ductors H 08) are arranged in a pattern with varying mutual distances and directions. 



3. Diaphragm transducer according to claim 1 or 2. characterised in that said 
magnetic field (104) in paid planar rogi ea- through said diap hragm OOP) is approxi- 
mately constant. 

4. Diaphragm transducer according to anv one of the claims l -3. characterised 
in that said magnetically conducting material (106. 106\ 107. 107*) is configured as 
plates, between which permanent magnets (102) are located where one edge of each 
of said plates constitutes a mag netic pole for providing field strengh through said dia- 
phragm (100). 

2. Diaphragm transducer according to claim 1, characterised in that aaid-grag- 
neticaUy conducting mat e rial is soft iron 



3. Diaphragm transducer according to claim 1 or2, charaotoriaod in that paid 
magnetic field in said planar r e gion io approximat e ly conaton fer 



'1. Diaphragm transducer according to claim 1 — 3, oharaotorisod in that paid 
magn e tically conducting material is configured as plates, b e twe e n which permane nt 
magn e ts ore locat e d, wh e re one edg e of e ach of said plates oonstitutoo a magnetio-pele 
in said configuratioH r 



25 



30 



5. Diaphragm transducer according to claim 4, characterised in that the num- 
ber of poles are at least three with two outer poles (106. 106*) and at least one inner 
pol e (107) . 

6. Diaphragm transducer according to claim 5, characterised in that said num- 
ber of inner poles located between the outer poles (106. 106') is at least two, where 
said inner poles (107. 107') are arranged in pairs of poles with a distance (103) be- 
tween the two plates (107. 107') constituting said pair. 
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7. Diaphragm transducer according to claim 6, characterised in that said dis- 
tance (103) between said& e- two plates (107, 107^ constituting a pair of poles, is 
between 0.1 and 3 mm, preferably between 0.3 and 1.5 mm and preferably between 
0.4 and 0.6 mm. 

8. Diaphragm transducer according to any one of the claims 1-7. characterised 
in that said magnetically conducting material (106. 106*. 107. 107") is soft iron 

8. Diaphragm transducer according to claim 1 — 7, charact e ris e d — in that said 
conductors are ori e nt e d and conn e ct e d such that, wh e n curr e nt flows through said 
conductors, said el e ctromagn e tic forc e s acting on said conductors in oaid planar r e gion 
or e approximat e ly in the same dir e oti ear 

9. Diaphragm transducer according t o any one of the - claims 1- - 8, 
characterised in that said diaphragm HOP) comprises a magnetically conduct- 
ing layer. 

10. Diaphragm transducer according to claim 9. characterised in that said 
magnetically conducting layer (106, 106% 107, 107^ comprises at least one from the 
group con s isting of a coating with soft iron and a coating with Permalloy. 
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